Abstract-The basic objective of the present work is to study the effect of chemically synthesized polyaniline (PANI) as an electronically conductive additive on the positive active material properties and its influence on the performance, functional characteristics of lead-acid battery has been studied. The mechanisms contributing to the formation of both lead dioxide and additional conductive nanostructured cross-linking channels by the introduction of this additive is described. The structure and morphology of pure PANI and respective electrode samples have been studied using XRD (X-ray diffractometer) and SEM (scanning electron microscopy) images.
I. INTRODUCTION
One of the main requirements for the high power capability of the lead-acid battery is the high conductivity of the active materials. Lead dioxide is a semiconductor with a conductivity of up to 10 +3 (Ω cm) -1 at room temperature and 35% sulfuric acid has a conductivity of 0.8 (Ω cm) -1 . Lead, which is a metallic conductor, is used for both the current collector and the negative electrode active material. Taking account of these values, a fully charged lead-acid battery has a resistance of a few mΩ. Unfortunately, in operation of lead-acid storage cells (LASCs) compounds with dielectric properties can form and these lead (II) compounds are not very conductive. For example, at discharge the active material of electrodes is transformed into lead sulphate, which is an insulator and which in turn complicates current collection from active material and charging of a Lead-acid battery (LAB) [1] .
To remove undesirable effects due to these discharged products with poor dielectric properties and also to improve the electric characteristics of LABs in operation at partialstate-of-charge, lead-acid battery researchers have been exploring various electro-conducting additives (EAs) [1] , [2] .
The prime requirement of these additives should be stable
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in a lead-acid battery environment and these additives are introduced into electrode material (EM). The ideal additive should have conductivity at least as high as carbon, a longrange order to minimize the amount of material needed, and good stability during formation and cycling. It must also not contaminate or degrade the battery during subsequent use.
The present work is devoted to study the behavior of electronically conducting Polyaniline (PANI) in the positive electrode material (PEM) and its influence on the structure, morphology and phase composition of formed active material and electrical parameters of Lead-acid battery. In the experiment of LAB, the following characteristics of PANI in positive active material were investigated: Polyaniline (PANI) of nano-fiber morphology in shape and conductive form was obtained from synthesis of aniline (Monomer) and ammonium persulphate (APS), in presence of external dopants.
II. EXPERIMENTAL SECTION

A. Materials
For the experiment the most stable protonated emeraldine form of PANI was used as Nano fiber morphology in shape and particles with an average diameter of 1-10 µm and a length of 60-80 µm whose specific conductivity, according to manufacturer (S.G Conducting Polymers-India), was up to 2.7 S/cm, and surface resistance -4 Ohm/cm 2 was received and tested. All the tests were carried out in electrolytic solution of H 2 SO 4 with specific gravity of 1.29. All chemicals were of analytical grade and solutions were prepared with double distilled water. All the chemicals were used as received, unless otherwise stated.
B. Preparation of Positive and Negative Electrodes
Barton oxide (70-80 % PbO) produced in the battery production plant was taken directly for the experiment and the experiment plan was tailored systematically by varying the composition of PANI in the positive paste such as 0.1%, 0.2%, 0.3%, 0.4%, 0.5%, 0.75%, 1.0%, 1.25%, 1.5%, 1.75% and 2.0% against of lead oxide powder. Paste mixing was carried out through a proper way by keeping the experimental conditions under control. During mixing, the DM (demineralized) water and sulfuric acid with density of 1.4 g/cm 3 were added to the dry mixture of oxide powder under controlled temperature. The paste temperature was measured periodically by a mercury glass thermometer to keep the paste peak temperature below 65 0 C by water jacketing. Standard procedure was followed to obtain homogeneous paste of positive and negative oxides. In case of the negative oxide paste, required quantity of Expander (carbon black, barium sulfate and vanisperse) was added Influence of Chemically Synthesized Electro-Conductive Additive in the Positive Electrode on Electrochemical Performance of the Lead-Acid Batteries during dry mixing stage. The positive and negative oxide paste were applied separately on the Calcium based grids and then allowed to cure & form by Jar formation method.
C. Differential scanning calorimetry
The Thermal stability of pure PANI was carried out through differential scanning calorimetry (DSC 214 Polyma) NETZSCH. Heating scans were performed at a rate of 10°C.min-1 in a continuous nitrogen flow at a rate of 20cm 3 .min-1 and the samples were sealed in a standard aluminium pan. The experimentation was performed in the temperature range of 25-420 °C. The weight of sample taken for experimentation was approximately 10 mg. The DSC heat flow and temperature values were calibrated with an indium standard.
D. Structural studies
The structural studies were carried out by XRD (X-ray diffractometer) using Rigaku/DMAX 2400 diffractometer (Japan). The difractometer was operating with CuKα radiation source. The X-ray was generated at 40 kV and 30.0 mA power and XRD data were collected in the 2θ range from 10° to 90° at a monochromatic radiation wavelength of (λ =1.5418 A 0 ). The XRD scan data was analyzed by PDXL-2 software.
E. Morphology studies
The structural morphologies of pure PANI and positive electrodes with and without PANI were characterized by using SEM (scanning electron microscopy) -JEOL, JSM-6010 PLUS/L. SEM images were recorded and mapped to understand the role of PANI on the morphology of the positive active material.
F. Design and Testing of Batteries
The VRLA battery configuration with rating of 5 Ah consisting of 3 positive and 4 negative plates was selected for testing. As mentioned earlier, The VRLA battery made up of modified positive and regular negative electrodes were compared with that consists of regular positive and negative electrodes.
The AGM (adsorbed glass mat) was used as separator to complete the VRLA design. The aqueous sulfuric acid with 1.29 g/cm 3 specific gravity was used as electrolyte. Formation of LAB was done with pulsed modes of charge in water baths. To make comparable analysis regular positive and negative electrodes was prepared without any additive that made it possible to establish the mechanisms responsible for the structural changes of electrodes and changes of LAB electrical parameters.
III. RESULTS AND DISCUSSION
A. Thermal stability studies of pure PANI Fig. 1 represents the thermal stability curve of chemically synthesized poly-aniline salt powder (protonated, stable and emeraldine) used in the experiment. It was shown in Fig. 2 heating cycle was performed up to 420 o c. The following thermo-chemical observations are made. It is evident from the Fig. 1 Polyaniline salts has undergone a three step weight loss process in the heating cycle. In the first step, water molecules are escaped from the polymer matrix and in the second step, a phase transition was noticed along with evolution of a small percentage (≈ 2-3%) of adsorbed acid present on the polymer chain and finally, thermal degradation of polymer occurs. It was found that the thermal stability of polyaniline depends on the counter anion used. After 272°C the polymer has undergone oxidative thermal degradation and the polymer is apparently stable up to 250°C. The obtained results are in agreement with the research work conducted on conductive emaraldine base form of PANI [10] .
B. Chemical Analysis of control and modified positive cured plate
The cured electrode materials consist of several lead compounds such as free lead, lead oxide, and basic lead sulfates, etc. The Positive oxide paste consisting of different concentrations of PANI was analyzed by chemical method to ensure that, the free lead, sulfate contents were within the specification. The lab results were found to be within the specification.
C. Structural Studies i. Structural Studies of pure PANI
The XRD pattern of pure PANI is shown in Fig. 2 . XRD pattern of polyaniline has one broad peak at a value 2θ = approximately 21° can be observed, which is the typical amorphous scattering of PANI in the EB form of polymer. This result is in agreement with those reported in the literature [3] . May be this chain like interconnected network structure was formed during synthesis of pure PANI and imparts conductivity to the polymer backbone. It was also observed from the SEM images that, the Shape of the particles is in Nano fiber morphology and particles with an average diameter of 1-10µm and a length of 60-80 µm. The present XRD and SEM micrographs of pure PANI results are complementary to each other. Fig. 6 shows the morphology of both control and modified formed positive electrode containing different %wt. of PANI. As it can be seen from Fig. 6 , after formation major portion of the plate still possess many large lead sulfate crystals, particularly in inner layers of positive paste. It infers a poor formation efficiency of the positive paste. As it can be seen, prior to electrochemical formation process, the lead sulfate crystals which is formed at different levels within the plate were not fully converted to lead dioxide in the cathode during formation process. So that, the modified positive electrode be able to deliver very low energy at discharge stage. So that the battery including these modified positive electrodes deliver low % capacity (Fig.  10) .
ii. Morphology Studies of modified positive electrode
In addition, it was found that in the presence of 0.1% polyaniline, electric current promotes formation of plain crystals covered by net consisting nano-fibres of 35-45 nm thick. The present XRD phase composition and morphology studies of modified positive formed plate results are complementary to each other.
E. Figures Battery level studies
For the experiment the most stable protonated emeraldine form of PANI was used as nano-fiber shape particles with an average diameter of 1-10 µm and a length of 60-80 µm whose specific conductivity, according to manufacturer was up to 2.7 S/cm, and surface resistance -4 Ohm/cm 2 . PANI, which is a polymer with semiconducting properties and depending on medium may exists in various forms and has different properties were shown in Fig. 7 [4] .
The influence of the modified positive active material properties on the battery was studied on VRLA battery and regular negative electrode. The AGM separator was used to separate the electrodes and also avoid internal shorting. The aqueous sulfuric acid with 1.29 g/cm 3 specific gravity was used as electrolyte. Constructed batteries were subjected to regular formation program (pulsed modes of charge in water baths) to evaluate the plate formation efficiency and the battery parameters such as capacity, HRD (High Rate Discharge) and CA (Charge Acceptance) was evaluated as per JIS D -5302 Model. In [5] - [8] it is reported that 1-2 % of PANI as well as polypyrrole, polyparaphenylene, and polyacetylene doped with anions (ClO4
-, SO4 2-, and HSO4 -) are added as 1-15 µm powders or fibers as conductive additives to the positive AM of LASC increases formation efficiency and capacity up to 30 %. Lubentsov et al. [5] found that 1 weight percent (w/o) of the conductive polymers was optimum. Cycle life drops at concentrations above 5% because of mechanical instability of the electrode. Lubentsov also noted that polypyrrole and polythiophene oxidize during overcharge but polyaniline remains stable. According to experimental data such Nano fiber-shape particles of PANI as an additive to the positive electrode material did not result in this increase (Fig. 8, 9, 10) .
These results may be explained by the processes as follows. When the initial protonated form of PANI (Green color) during the paste preparation turns into deprotonated form (Blue color) with dramatically less electro conductivity up to the soaking stage. Table I. Shows the P H value of different reaction products. Since the amount of lead powder was several times that of H2SO4 introduced into the reactor the reactive medium in general was slightly alkaline. Under such conditions deprotonation of PANI may occur and its transition to the form with a reduced specific electro conductivity [4] . The protonation-deprotonation of PANI is a reversible process [4] . After filling the acid (prior to formation stage) the dissociated H2SO4 penetrates into the surface and middle layers of the electrode plate making medium acidic. Under such conditions the deprotonated form of PANI which is situated closer to the surface is immediately converted to protonated from. However, H2SO4 ions have no time to reach inner layers of the electrode plate and PANI situated in that layer is left in a deprotonated form (Blue color) with relatively low electro conductivity. The reason for the above phenomena is expected to be due to low bulk density of polyaniline. Due to low bulk density, it will occupy more volume for a given mass of PANI material. Hence the PANI particles in deprotonated form may act as barrier for diffusion of acid in to the interior of the electrode. Whenever the acid is not sufficiently available, the plate formation efficiency gets affected. In addition to this, the deprotonated form of PANI which is situated in inner layers of the electrode plate may also act as insulator and opposes the input current which is given to the current collector during plate formation.
Reference [9] has shown that in acidic solutions, when lead-acid battery is charged, the materials next to the grid are first converted to conductive lead and lead dioxide. Formation then proceeds inward toward the center of the pellet. The surface of the plate is the last to form because it reacts most with the acid to form lead sulfate. Unfortunately, the lead (II) compounds are not very conductive. Lead sulfate is an insulator and the lead oxides and basic lead sulfates are semiconductors. Before they are formed, battery plates are composed of mixtures of these materials. Plate formation cannot proceed until a conductive pathway is formed.
Lead sulfate is the last material to be converted in the formation process. Hence the rate of plate formation is thus limited by the nonconductive form of lead oxide, especially in the positive paste. As the current flows within layers of positive AM the electrode potential increases gradually. In such conditions PANI is capable to oxidize and turn into pernigraniline form with specific electro conductivity between protonated and deprotonated emeraldine [4] but never-the less by several orders of magnitude less than specific conductivity of PbO2.
The electrical performance of the batteries consisting of different %Wt. of PANI in PAM is shown in Fig. 8,9,10 . Fig. 8 shows the charge acceptance profile of the batteries with different %Wt. of PANI in the PAM. The charge acceptance of the battery meets the standard. It is evident from the Fig. 8 shows the good improvement in charge acceptance of the battery of the PAM made with modified positive plates over control sample up to addition of 1.25 %wt. of PANI.
The possible reason for good values of charge acceptance of modified positive plate as compared to control sample is due to addition of PANI and its associated electrical properties of the positive active material. From Fig.9 it is confirmed that, the HRD results were found to exhibit marginal improvement. The reason for this marginal improvement was believed to be creation of higher surface area of positive active material in presence of conductive PANI which enhances more amount of acid diffusion in to the interiors of modified positive PAM. 
IV. CONCLUSION
The conclusions arrived from the present studies are as follows:
 Chemically synthesized PANI under controlled polymerization conditions have yielded particles having nano-fiber morphology and are aggregated together to form a continuous chain like structure. May be this chain like interconnected network structure was formed during synthesis of pure PANI and imparts conductivity to the polymer.  The polymer undergoes an oxidative thermal degradation at a temperature range of 270-275 0 C and the polymer is apparently stable up to 250°C.  It was observed that, the formation efficiency i.e. the amount of β-PbO2 formation is decreasing and the amount of PbSO4 formation is increasing with increase of %wt. loading of PANI in the positive active material of batteries consisting of 0.1 to 2% PANI in PAM.  It was found that in the presence of 0.1% loading of PANI in positive electrode, electric current promotes formation of plain crystals covered by net consisting nano-fibers of 35-45 nm thick.  The presence of the current-conducting crosslinking nanostructured PANI particles in the positive electrodes improves HRD marginally.  Apart from enhanced electrical conductivity of the positive active mass, good improvement in the charge acceptance of the batteries was attributed to conductive polyaniline in the positive electrode.  It is observed that, overall there is ~ 10-15% increase in cumulative charge acceptance factor with the help of batteries containing modified positive electrodes compared to control sample.

Enhanced electrochemical performance was noticed with batteries that are made with 0.1 to 0.2 %wt. of PANI added as a conductive additive in the positive electrode.  The increase in charge acceptance of the batteries containing PANI reduces the time and energy required to reach maximum charge and further makes the process more efficient.
